Background: By assessing the size of the foramen magnum, it is possible to distinguish two genders, as well as the intergenerational interdependence of the affected individuals. The present study aimed at assessing the value of diameters of foramen magnum for gender identification among the Iranian population.
Introduction
ne of the essential requirements for corpse examination in forensic science is the recognition of identity and the identification using human skeletons is one of the legal skills of medical records [1] . Gender determination is one of the most important issues of identification. If all the skeletons of an individual are available, gender determination is not a problem and 100% of gender determination can be achieved with a complete skeleton [1] . However, sometimes there are only remnants of the human skeleton or fragments of the collapsed skeleton; for example, in air accidents, natural disasters, fire or mutilation, in which gender determination is not easy [2] . Scientists in this field are always looking for a way to solve this problem and find a sign of authentication in these cases. As a solution in these cases, experts in this field try to use the biological features of the human skeleton to determine gender [3] .
Skull is the most convenient part of the skeleton for gender determination [1] . The human skeleton may have remained for centuries and one of the most resilient parts in the human skeletons is foramen magnum in the skull base. The foramen magnum is a large foramen in the skull base, which according to studies shows that the parameters of this foramen are useful in determining gender [4] . This foramen is a useful mark on the base of the skull, and its intuitive shape can be useful in identifying race and identity [5] .
In addition to the importance of understanding the foramen magnum anatomy and its variations in the treatment of various types of diseases, it can be very important to evaluate these variances in the distinction between the two genders [6, 7] . Foramen magnum diameters are, therefore, used in forensic and anthropological methods to determine the gender of the human embryo [8] [9] [10] . It is worth noting that the area of the foramen magnum is completely covered by soft tissue mass. Therefore, the foramen magnum area should be evaluated by assessing changes in its soft tissue coverage. In total, the morphometric analysis of this foramen is highly diagnostic and useful in cases of traumatic injuries, accidents, and even fires. In fact, thanks to the major changes in these diameters in these injuries, it is sometimes possible to detect the gender of deceased persons only through some indicators, such as evaluating the magnitudes of the foramen magnum [11, 12] . In some studies, the foramen magnum diameters have been used to identify gender in cadavers [13, 14] .
In total, it has been determined that the anterior-posterior and transverse diameters of the foramen magnum, in general, are higher in males than females [15, 16] . In some cases, the structural difference in foramen magnum in different races has been also shown [17] . Also, the relationship between the foramen magnum diameters in a person with the generations of that person is shown [18] . Therefore, by assessing the size of this foramen, it is possible to distinguish between two genders, as well as the intergenerational interdependence of the affected individuals. The present study aimed at assessing the value of diameters of foramen magnum for gender identification among the Iranian population.
Materials and Methods
This analytical comparative cross-sectional study was performed on 200 Iranian cadavers (100 men and 100 women) referred to Kahrizak Autopsy Hall in Tehran between 2017 and 2018. The subjects were in the age range of 20 to 60 years and included simple consecutive sampling. Cadavers that underwent forensic exploration because of unnatural death or suspected causes of death were included in the study and none was dissected just for the purpose of this study. Cadavers with traumatic injury and fractures in the skull were excluded. In each case, the foramen magnum was measured by observation and its parameters were measured in a longitudinal anteroposterior and transverse diameter, using a calibrated caliper. The foramen magnum index and its area were measured based on the specific formula. The shape of the foramen magnum was determined based on the defined patterns of the exterior check-list as round, oval, pentagon, hexagonal, and irregular with exact observation. The longitudinal diameter of the foramen magnum was measured as the maximum distance between anterior and posterior points of foramen magnum with a digital coulis. The transverse diameter of the foramen magnum was measured as the maximum distance between right and left ends (maximum width) of foramen magnum with a digital coulis. Foramen magnum index and area of foramen magnum were calculated based on the following Formulas 1, 2, 3 and 4:
Foramen magnum index =(Sagittal diameter/Transverse diameter)×100
Area of foramen magnum based on Teixeira's Formula [4]:
FM Area =π [(Sagittal diameter + Transverse diameter) /4]²
Area of foramen magnum based on Ritual's Formula [4] :
FM Area=Sagittal diameter × Transverse diameter ×π/4
Average longitudinal and transverse diameter of foramen magnum:
(Sagittal diameter + Transverse diameter) /2
For statistical analysis, the results were presented as Mean±SD for quantitative variables and were summarized by absolute frequencies and percentages for categorical variables. Categorical variables were compared, using the Chi-square test or Fisher's exact test when more than 20% of the cells with an expected count of less than five were observed. The quantitative variables were also compared with t test or Mann-Whitney U test. To measure the correlation between the values of diameters across the men and women, Pearson's correlation test was used. To assess the difference between men and women regarding foramen magnum diameters with the presence of baseline variables was assessed, using the Multivariable linear regression analysis. For the statistical analysis, the statistical software SPSS V. 16 for windows (SPSS Inc., Chicago, IL) was used. P-values of 0.05 or less were considered statistically significant.
Results
In this study, 100 male and 100 female samples were studied in terms of foramen magnum indices, including sagittal diameters (anterior-posterior) and transverse diameters. The age of the sample population was between 20 and 60 years old ( Table 1 ). The Mean±SD anterior-posterior diameter of the foramen magnum in men and women was 35.59±0.49 mm and 33.90±1.07 mm, respectively. The Mean±SD transverse diameter of the foramen magnum in males and females was 29.49±0.56 mm and 28.50±0.50 mm, respectively. The Mean±SD foramen magnum index in men and women was 82.87±1.95 and 84.15±3.02, respectively, and the Mean±SD foramen magnum area based on Teixeira's Formula in men and women was 831.33±18.98 and 764.58±29.18, respectively. The Mean±SD foramen magnum area based on Ritual's Formula in men and women was 823.92±19.35 and 758.59±27.80, respectively. All of the calculated parameters were significantly higher in men than women (P<0.001) ( Table 2 ). Based on the area analysis under the Receiver Operating Characteristic (ROC) curve (Figure 1) , all of the indices had high sensitivity and specificity in the differentiation of the male and female genders ( Table 3 ). The association between gender and measured dimensions may be confounded by body mass index (BMI), which was not matched in both groups. To find the independent gender predictors among the measured variables and also to adjust for BMI, Logistic Regression analysis was applied ( Table 4 ). Multivariate Logistic Regression analysis revealed that all of the calculated parameters were independent gender predictors.
Discussion
Various skeletal indices are used to distinguish genders in cases where gender detection is not possible through the evaluation of soft tissues (especially in the case of burns, traumas, and explosions). In previous studies, the evaluation of parameters such as the length and diameter of the upper and lower limbs, various skull sizes, short and wide bone diameters, as well as the apparent features of facial bones have led to their confirmation as distinctive indices of male and female. In this study, we examined the diagnostic value of diameters of the foramen magnum, including anterior-posterior diameters, transverse diameter, foramen magnum index, and area of the foramen magnum in male and female. By examining the parameters, their high diagnostic value for gender identification was confirmed, and all of them were significantly higher in men than that of women. Hence, these diameters can be used to distinguish between the two genders in the Iranian population.
The review of the past studies was also fully consistent with the claims of this study but in other human societies. Most of the studies are conducted on the CT scan to evaluate foramen magnum parameters and in a few of them, such as the current study, foramen magnum diameters are calculated on skeleton and cadavers [19] . In the study of Soltani et al. in 2016, foramen magnum diameters were calculated based on the CT scan in the Iranian population. The sample size was 100 (50 males and 50 females). Sagittal diameter, transverse diameter, foramen magnum index, and foramen magnum area were in a close range with the current study and the minor difference could be because of the method of the measurement [4] . The results are compared in Table 5 .
In the study of Tellioglu et al. in Turkey, foramen magnum diameters were evaluated in 100 CT scans [20] . The mean of anterior-posterior diameters, transverse diameter, and cavity surface area was significantly higher in men than in men (Table 5 ). They used univariate and multivariate discriminant analysis and revealed that anteroposterior diameter could be able to detect 64% of women and 70% of men. In the current study, foramen magnum parameters had an acceptable level of sensitivity and specificity in gender determination (Table 3) .
In our study, there was a significant relationship between BMI and gender. To reveal the independent predictor parameters, we used multivariate logistics regression and found all calculated parameters to predict gender notwithstanding BMI (Table 4 ).
In a study by Madadin et al. in Saudi Arabia, sagittal diameter, transverse diameter, and area of foramen magnum were significantly higher in men than in women. All of the dimensions were greater than what we found in this study. They calculated foramen magnum index 84.96 in women and 85.22 in men. In our study, the foramen magnum index was 82.87 in women and 84.15 in men. This variation could be because of different ethnic groups and suggest that dimensions should be evaluated separately in different societies and races [21] . The study of Kamath et al. in India [22] also showed a significant difference in foramen magnum parameters between two genders ( Table 5 ).
In assessing and comparing the values of foramen magnum dimensions in different societies, we conclude that the measurements of these diameters are very effective in the differentiation of the two genders; also, in different societies and races, they are highly adaptive in the corresponding diameters.
This determines the common origin of all human races in terms of the growth and development of skeletal structures. The techniques of measuring the corresponding diameters (using manual methods or using advanced imaging techniques), as well as the inclusion criteria, are very effective in measuring these indices in various studies. Therefore, in determining the final limits for cranial diameters in different societies and in order to achieve comprehensive human diameters, the use of common measurement techniques and the alignment of the inclusion criteria are necessary.
Conclusion
As a general conclusion, given that the anterior-posterior and transverse diameters of the foramen magnum, foramen magnum index, and area of the foramen magnum in Iranian men are far more than Iranian women, these diameters can be used to distinguish between the two genders in the precise legal field.
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